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(57) ABSTRACT 

A semiconductor device comprises a silicate interface layer 
and a high-k dielectric layer overlying the silicate interface 
layer. The high-k dielectric layer comprises metal alloy 
oxides. 
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DIELECTRIC LAYER FOR SEMICONDUCTOR 
DEVICE AND METHOD OF MANUFACTURING 

THE SAME 

[0001] This application is a continuation-in-part (CIP) of 
US. patent application Ser. No. 09/776,059 ?led on Feb. 2, 
2001 and noW pending, Which is incorporated herein by 
reference in its entirety. This patent application also claims 
priority from Korean Patent Application No. 2004-5817, 
?led Jan. 29, 2004, the contents of Which are hereby 
incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to the ?eld of 
semiconductor devices, and more particularly, to a multi 
layer dielectric structure and semiconductor devices 
employing the multi-layer dielectric structure and a method 
of manufacturing the same. 

[0004] 2. Description of the Related Art 

[0005] With each generation of metal oxide semiconduc 
tor (MOS) integrated circuit (IC), the device dimensions 
have been continuously scaled doWn to provide for high 
density and high-performance devices. Particularly, the 
thickness of gate dielectrics is made as small as possible 
because the drive current in a MOS ?eld effect transistor 
(FET) increases With decreasing gate dielectric thickness. 
Thus, it has become increasingly important to provide 
extremely thin, reliable, and loW-defect gate dielectrics for 
improving device performance. 

[0006] For decades, a thermal oxide layer, e.g. silicon 
dioxide (SiOZ), has been used as the gate dielectrics because 
the silicon dioxide thermal oxide layer is stable With the 
underlying silicon substrate and the fabrication process is 
relatively simple. 
[0007] HoWever, because the silicon dioxide has a loW 
dielectric constant (k), e.g., 3.9, further scaling doWn of 
silicon dioxide gate dielectric has become more and more 
dif?cult. For example, if the thickness of the silicon dioxide 
gate dielectric is less than 40 angstroms, direct tunneling 
may occur. As a result, a gate-to-channel leakage current 
through thin silicon dioxide gate dielectrics increases, lead 
ing to an undesirable poWer consumption problem. 

[0008] These problems lead to consideration of alternative 
dielectric materials that can be formed in a thicker layer than 
silicon dioxide but still produce the same or better device 
performance. The performance can be expressed as “equiva 
lent oxide thickness (EOT).” 

[0009] Various attempts have been made to improve the 
device characteristics of the dielectric materials. For 
example, US. Pat. No. 6,020,024 discloses an oxynitride 
layer interposed betWeen a silicon substrate and a high-k 
dielectric layer. US. Pat. No. 6,013,553 discloses a Zirco 
nium oxynitride layer or a hafnium oxynitride layer as the 
gate dielectrics. Further, PCT International Patent Applica 
tion Publication No. WO 00/01008 discloses SiO2, silicon 
nitride and oxynitride interface layers. Also, US. Pat. No. 
6,020,243 discloses a high permittivity Zirconium (or 
hafnium) silicon-oxynitride gate dielectrics. 

[0010] HoWever, such attempts have not succeeded in 
solving the problems associated With the conventional 
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dielectric materials. For example, the silicon nitride layer or 
oxynitride layer betWeen the high-k dielectric layer and the 
silicon substrate or the polysilicon gate electrode causes 
charge trapping With high interface state densities, thereby 
reducing channel mobility and also degrading device per 
formance. Further, the formation of the silicon nitride layer 
or the oxynitride layer requires a relatively large thermal 
budget. 
[0011] Accordingly, a need still remains for an improved 
dielectric layer structure and the manufacturing method to 
improve the device performance by, for example, reducing 
the equivalent oxide thickness of the dielectric layer as Well 
as improvement of the interface characteristics. 

SUMMARY OF THE INVENTION 

[0012] In one embodiment, a semiconductor device com 
prises a silicate interface layer and a high-k dielectric layer 
overlying the silicate interface layer. The high-k dielectric 
layer comprises metal alloy oxides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a cross-sectional vieW of a semiconductor 
device illustrating one embodiment according to the present 
invention. 

[0014] FIG. 2 is a cross-sectional vieW of a semiconductor 
device according to another embodiment of the present 
invention. 

[0015] FIG. 3 is a cross-sectional vieW of a semiconductor 
device according to a further embodiment of the present 
invention. 

[0016] FIG. 4 illustrates an embodiment of the present 
invention utiliZed in a MOS transistor. 

[0017] FIG. 5 illustrates an embodiment of the present 
invention utiliZed in a non-volatile memory device. 

[0018] FIG. 6 illustrates an embodiment of the present 
invention utiliZed in a capacitor. 

[0019] FIG. 7. is a graph illustrating the structural analysis 
for a structure formed using an embodiment discussed With 
reference to FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] The present invention provides a noble dielectric 
layer structure and a method of manufacturing the same. In 
the folloWing description, numerous speci?c details are set 
forth to provide a thorough understanding of the present 
invention. HoWever, one having ordinary skill in the art 
should recogniZe that the invention can be practiced Without 
these speci?c details. In some instances, Well-knoWn process 
steps, device structures, and techniques have not been shoWn 
in detail to avoid obscuring the present invention. 

[0021] Referring to FIG. 1, according to an embodiment 
of the present invention, a silicate interface layer 12 formed 
of a silicate material may be disposed on a conductive layer 
or semiconductor substrate 10 such as a silicon substrate. 
The dielectric constant of the silicate interface layer 12 is 
preferably greater than any one of silicon oxide, silicon 
nitride or silicon oxynitride. Preferably, the silicate interface 
layer 12 has a thickness of approximately 5-50 angstroms. 
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More preferably, the silicate interface layer 12 has a thick 
ness of approximately 5-10 angstroms (EOT of 2-4 ang 
stroms). The silicate interface layer 12 is preferably formed 
of a metal silicate material represented by a formula of 
M1_XSiXO2. Here, the metal “M” can be hafnium (Hf), 
Zirconium (Zr), tantalum (Ta), titanium (Ti), Scandium (Sc), 
Yttrium (Y), lanthanum (La), and aluminum HoWever, 
this list is not intended to be exhaustive or to limit the 
invention. Any other metal suitable for the present invention 
can be used Within the sprit and scope of the present 
invention. 

[0022] According to one aspect of the present invention, 
the metal silicate materials (M1_XSiXO2) shoW the optimum 
value of dielectric constant When the value “1-x” is greater 
than or equal to approximately 0.1. Preferably, the value 
“1-x” is not greater than approximately 0.5. More preferably, 
the value “1-x” is approximately 0.2 to approximately 0.4. 

[0023] Further, a high-k dielectric layer 14 is disposed on 
the silicate interface layer 12 to form a multi-layer dielectric 
structure 15. The high-k dielectric layer 14 has a dielectric 
constant higher than that of SiO2. Preferably, the high-k 
dielectric layer 14 has a dielectric constant greater than that 
of the silicate interface layer 12. Also, it is preferred that the 
high-k dielectric layer have excellent coherency With the 
underlying silicate interface layer 12 and does not react With 
the overlying structure such as a gate electrode or a control 
gate. 

[0024] In the present invention, the silicate interface layer 
12 substantially improves interface characteristics. This is 
because the silicate interface layer 12 substantially prevents 
the reactions betWeen, for example, the high-k dielectric 
layer 14 and the underlying semiconductor substrate 10 or 
betWeen the high-k dielectric layer and the loWer electrode 
for forming a capacitor. In addition, because the silicate 
interface layer 12 has a formation energy Which is more 
negative than that of silicon dioxide, it is chemically stable 
on a silicon substrate, thus helping to form a reliable 
semiconductor device. Thus, it is believed that the present 
invention reduces the interface trap density in contrast With 
the prior art methods and has substantially improved inter 
face characteristics. 

[0025] Further, the EOT can be maintained or reduced 
compared to such prior art methods because the metal 
silicate interface layer 12 has a relatively high dielectric 
constant of approximately 10 to 12. 

[0026] Additionally, it is believed that the metal silicate 
interface layer 12 can maintain a substantially amorphous 
state even under a high temperature of 900° C. during 
subsequent heat treatments. Thus, feWer grain boundaries 
are generated in the metal silicate interface layer 12, thereby 
reducing a leakage current. 

[0027] NoW referring back to the high-k dielectric layer 
14, it comprises metal alloy oxides. The metal alloy oxides 
of the high-k dielectric layer 14 preferably include at least 
tWo interdiffused metal elements. The metal alloy oxides of 
the high-k dielectric layer 14 may be a mixture of at least 
tWo metal oxides. More preferably, the at least tWo metal 
elements are homogeneously mixed, most preferably, at an 
atomic level. HoWever, depending on the application, the at 
least tWo metal elements may not be homogeneously mixed, 
but mixed sufficiently to function as a dielectric material 
Within the spirit and scope of the present invention. 
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[0028] According to one aspect of the present invention, 
the at least tWo metal oxides that form the high-k dielectric 
layer 14 may be chosen to have a minimum net ?xed charge 
in the high-k dielectric layer 14, e.g., close to Zero. In this 
connection, the metal oxides may include, but not limited to, 
hafnium oxide, Zirconium oxide, tantalum oxide, aluminum 
oxide, titanium oxide, yttrium oxide, strontium oxide, scan 
dium oxide, lanthanum oxide, or barium oxide. 

[0029] In another aspect, the metal alloy oxide may be 
described as hafnium-aluminum alloy oxide, Zirconium 
aluminum alloy oxide, tantalum-aluminum alloy oxide, tita 
nium-aluminum alloy oxide, yttrium-aluminum alloy oxide, 
or hafnium-Zirconium-aluminum oxide. HoWever, this list is 
not intended to be exhaustive or to limit the invention. Any 
other metal alloy oxide suitable for the present invention can 
be used Within the sprit and scope of the present invention. 
One skilled in the art Will appreciate that metal-aluminum 
alloy oxide may be expressed as metal-Aluminate, e.g., 
hafnium-Aluminate 

[0030] The high-k dielectric layer 14 including the metal 
alloy oxides may have a dielectric constant greater than that 
of the silicate interface layer 12. 

[0031] In addition, the metal alloy oxides can be repre 
sented by a formula of AYBLYOZ, (0<y<1). Preferably, A is 
the same or from the same periodic group as M discussed 
above. In other Words, the metal of the silicate interface 
layer 12 is preferably the same as the metal of the metal alloy 
oxides (high-k dielectric layer 14). For example, if the 
multi-layer dielectric structure 15 comprises a hafnium 
silicate interface layer 12, the high-k dielectric layer 14 may 
comprise a hafnium-aluminum alloy oxide layer, e.g., a 
mixture of hafnium oxide and aluminum oxide. Also, if the 
silicate interface layer 12 comprises a Zirconium silicate 
interface layer 12, the high-k dielectric layer 14 comprises 
a Zirconium-aluminum alloy oxide layer, e.g., a mixture of 
Zirconium oxide and aluminum oxide. As a result, the device 
characteristics can be improved. For example, the interface 
characteristics can be improved due to electrical coherency 
betWeen the silicate interface layer 12 and the overlying 
high-k dielectric layer 14. 

[0032] More preferably,A and M are a group IV metal and 
B is a group XIII metal. For example, A is Zirconium or 
hafnium and B is aluminum. 

[0033] According to one aspect, “y” may be approxi 
mately 0.5 to approximately 0.9 to have a high dielectric 
constant and high crystalliZing temperature. 

[0034] According to another aspect, a composition ratio of 
Ato B is betWeen approximately 1:1 and approximately 5:1. 
This is because the higher the content of A, the higher the 
dielectric constant, but the loWer crystalliZing temperature, 
Which results in an increase in the leakage current. Ideally, 
the high-k dielectric layer 14 has a substantially amorphous 
crystalline structure to reduce a leakage current there 
through. More preferably, the composition ratio of Ato B is 
approximately 2:1 because net ?xed charge of the resulting 
high-k dielectric layer 14 can be close to Zero. In this case, 
A is preferably hafnium or Zirconium; and B is preferably 
aluminum. The high-k dielectric layer 14 may have a 
thickness of approximately 2-60 angstroms. Here, 2 ang 
stroms is a basic thickness of one atomic layer, and 60 
angstroms represents an upper thickness limit that prevents 
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a popping phenomenon during a subsequent annealing pro- [0039] Next, as discussed above With reference to FIG. 1, 
cess. As is knoWn in the art, hydroxyl radicals trapped in the high-k dielectric layer 14 comprising metal alloy oxides 
dielectric layers during the formation can pop therefrom are formed to overlie the silicate interface layer 12. In 
upon subsequent annealing, thereby darnaging, e-g- leaving further detail, according to one aspect, to form the high-k 
ahole in the dielectric layers. If suchapopping phenomenon dielectric layer 14, a ?rst layer 18 having a ?rst metal 
occurs, subsequent processing steps such as gate poly depo- element is formed by an ALD technique Then, a Second 
SitiOn Can be signi?cantly inhibited- layer 20 is formed overlying the ?rst layer 18 having a 

[0035] FIG_ 2 illustrates a method for manufacturing a second metal element also by the ALD technique. The ?rst 
multi-layer dielectric structure 15 described above for use in and Second metal elementemay he a ,metal that can form 
a semiconductor device. Details of the manufacturing steps Oxides Such. as hafhlum.oxl.de’ zheonlumehdei tantalum 
are omitted if they are conventional or Well knoWn for clarity exlde’ ahlmmum elude’ memum OXlde’ ytmuhl OXlde’ stfon' 
and Simplicity‘ tiurg oxide, scandium oxide, lanthanum oxide, or barium 

ox1 e. 

[0036] As discussed above, the silicate interface layer 12 
may be formed on the conductive layer or semiconductor [0040] Oh the other hahd> if the siiieate ihteiiaee iayei i2 
substrate 10. The metal silicate interface layer 12 is prefer- is formed of Ziieohiiiih siiieate> the oveiiyihg high-k dieiee' 
ably formed of a material as discussed With reference to tiie iayei 14 is Pieieiahiy formed by aiteihateiy staekihg the 
FIG.1. More preferably, the metal silicate interface layer 12 ZiOz iayei and the A1203 iayei Phis a siihseqiieht heat 
may be formed using an ALD technique Thus, a 10W treatment, Which Will be described further beloW. In this 
thermal budget process is possible With the present invention ease> because the ihetai of the siiieate ihteiiaee iayei 12 is 
contrasted With the prior art methods requiring a large the same as one of the metals contained in the metal alloy 
thermal budget~ Further, by using the ALD technique, a oxide layer (high-k dielectric layer 14), the interface char 
Wider range of precursors can be used and a ?lm may be acteristics can be improved due to electrical coherency 
formed having a tightly controlled thickness, Which Would hetWeeh the siiieate ihteiiaee iayei i2 and the oveiiyihg 
not have been possible by traditional chemical vapor depo- high-k dieieetiie iayei 14 as described above Siihiiaiiy> ii 
Sition (Q\/]))_ the silicate interface layer 12 is formed of hafnium silicate, 

_ _ _ the high-k dielectric layer 14 is preferably formed by 
[0037] Ih parhehtah as 15 khewh 1h the art’ the ALD alternately stacking the HfO2 layer and the A1203 layer plus 
teehhlqhe fer fehhlhg the metal slheate lhterfaee layer _12 a subsequent heat treatment, Which Will be described further 
may be carried out by alternately and repeatedly performing below 
pulsing and purging steps for a metal source, a silicon 
source, and an oxygen source. In the case of the Zirconium [0041] More preferably, the ?rst layer 18 has a ?rst 
silicate interface layer 12, ZrCl4 may be used as the metal prede?ned charge and the second layer 20 has a second 
source. Similarly, in the case of a hafnium silicate interface prede?ned charge that is opposite to that of the ?rst layer 18. 
layer, HfCl4 may be used as the metal source. Also, the Most preferably, the ?rst prede?ned charge is a positive 
silicon source may comprise SiH4 or SiCl4H2. The oxygen ?xed charge and the second prede?ned charge is a negative 
source may comprise H2O, oZone, oxygen radicals, alcohol ?xed charge. Along this line, the ?rst layer 18 may be 
such as IPA, D20, or H202. Also, other precursors suitable formed of hafnium oxide, Zirconium oxide, tantalum oxide, 
for the present invention can be used Within the sprit and aluminum oxide, titanium oxide, yttrium oxide, strontium 
scope of the present invention. Such exemplary precursors oxide, scandium oxide, lanthanum oxide, or barium oxide; 
are illustrated in Table 1. and the second layer 20 may be formed of aluminum oxide. 

TABLE 1 

[0038] Alternatively, the metal silicate interface layer 12 
may be formed using a metal organic chemical vapor 
deposition (MOCVD) technique or a reactive sputtering 
technique, if the MOCVD technique or the reactive sputter 
ing technique provides the similar level of control as the 
ALD technique in terms of thickness or composition. The 
MOCVD technique can be performed using precursors such 
as Hf(O—S1—R3)4 or Zr(O—S1—R3)4, R=C2H5. Also, a 
Hf source such as Hf-t-butoxide, a Zr source such as 
Zr-t-butoxide, and a Si source such as tetraethoxyorthosilane 
or tetraethylorthosilicate (TEOS) can be used. 

[0042] Therefore, according to one aspect of the present 
invention, it is possible to minimiZe the net ?xed charge of 
the high-k dielectric layer 14. In this respect, in the prior art, 
there has been a problem With the ?xed charge, Which leads 
to coulomb scattering that reduces channel mobility. HoW 
ever, With an aspect of the present invention, the prior art 
?xed-charge problem can be overcome by compensating the 
negative ?xed charges in the second layer 20 formed of a 
material such as aluminum oxide With the positive ?xed 
charges in the ?rst layer 18 formed of a material such as 
hafnium oxide or Zirconium oxide as discussed above, 
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especially When the metal oxides are homogeneously mixed 
at an atomic level or interdiffused during a subsequent 
fabrication process. 

[0043] The thickness of the second layer 20 may be 
approximately one half the thickness of the ?rst layer 18. 
This is particularly true if the ?rst layer 18 is formed of a 
material such as hafnium oxide or Zirconium oxide and the 
second layer 20 is formed of an aluminum oxide because the 
amount of ?xed charge in aluminum oxide is thought to be 
approximately tWo times more than that of hafnium oxide or 
Zirconium oxide. For example, the ?rst layer 18 may be 
formed to a thickness of approximately 10 angstroms and 
the second layer 20 may be formed to a thickness of 
approximately 5 angstroms. 

[0044] The resulting structure is subsequently annealed or 
heat treated to form the multi-layer dielectric structure 15 
shoWn in FIG. 1 according to an embodiment of the present 
invention. For example, the annealing temperature may be 
greater than approximately 900° C. such that the ?rst layer 
18 and the second layer 20 shoWn in FIG. 2 are combined 
or mixed to form the high-k dielectric layer 14 that includes 
at least tWo interdiffused metal elements. Preferably, the 
annealing temperature is approximately 950° C. More pref 
erably, the annealing temperature is suf?ciently high such 
that at least tWo metal elements are homogeneously mixed 
at an atomic level in the high-k dielectric layer 14 to form 
a metal alloy oxide layer. 

[0045] Referring to FIG. 3, according to another aspect, 
before the heat treating or annealing to form the multi-layer 
dielectric structure 15 shoWn in FIG. 1, one or more 
additional ?rst and second layers 18, 20 are formed on the 
resulting structure. Another conductive layer 24 may be 
formed on the high-k dielectric layer 14 to form various 
semiconductor devices. Also, before annealing, the upper 
most layer 22 may comprise aluminum oxide to improve the 
interface characteristics betWeen the high-k dielectric layer 
14 and the conductive layer 24. 

[0046] In another embodiment, the high-k dielectric layer 
14 may be formed by a MOCVD technique. Preferably, 
sources for the tWo metal elements are simultaneously 
supplied to form the high-k dielectric layer 14 comprising 
metal alloy oxides. In the alternative, the metal alloy oxide 
layer may be formed using a reactive sputtering technique. 
The reactive sputtering technique is performed by injecting 
an oxygen gas into the process chamber during the deposi 
tion of the metals. 

[0047] The present invention described above can be used 
in the formation of a MOS transistor as described beloW. 
Also, the present invention is equally applicable to any 
dielectric for semiconductor devices, such as an inter-gate 
dielectric layer of non-volatile memory devices, or a dielec 
tric layer of a storage capacitor, all of Which are Within the 
spirit and scope of the present invention. 

[0048] In particular, referring to FIG. 4, a MOS transistor 
41 comprises a semiconductor substrate 100, a silicate 
interface layer 120a formed over the substrate 100, and a 
high-k dielectric layer 120b formed over the silicate inter 
face layer 120a to form a gate dielectric layer 120. The 
silicate interface layer 120a and the high-k dielectric layer 
120b are each formed of a dielectric material as discussed in 
connection With FIG. 1. Further, the MOS transistor 41 may 
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further include a gate electrode 130 comprised of, for 
example, a polysilicon layer 130a, a silicide layer 130b, and 
a source/drain region formed adjacent the gate electrode 
130. The gate electrode 130 may be formed of a metal. 
Optionally, a spacer 150 may be formed along opposite sides 
of the gate electrode 130 to complete the semiconductor 
device 41, Which has a channel region 107. 

[0049] Referring to FIG. 5, according to another embodi 
ment, a non-volatile memory device 51 comprises a semi 
conductor substrate 200, a ?oating gate 210 having a gate 
insulating layer 209 overlying the substrate 200, a silicate 
interface layer 220a formed over the ?oating gate 210, and 
a high-k dielectric layer 220b formed over the silicate 
interface layer 220a to form an intergate dielectric layer 220. 
The silicate interface layer 220a and the high-k dielectric 
layer 220b are each formed of a dielectric material as 
discussed in connection With FIG. 1. Also, a control gate 
230 overlies the intergate dielectric layer 220. The control 
gate 230 may be comprised of a polysilicon layer 230a and 
a silicide layer 230b, as is knoWn in the art. Other conven 
tion structures such as a spacer 250 and a source/drain region 
206 may be additionally formed to complete the non-volatile 
memory device 51 Which has a channel region 207. In this 
embodiment, the multi-layer dielectric structure discussed in 
connection With FIG. 1 can be applied only to the intergate 
dielectric layer 220 or the gate insulation layer 209. Alter 
natively, the multi-layer dielectric structure can be applied to 
both the intergate dielectric layer 220 and the gate insulation 
layer 209. 

[0050] Referring to FIG. 6, according to still another 
embodiment, a capacitor 61 comprises a loWer electrode 
310, a silicate interface layer 320a formed over the loWer 
electrode 310, and a high-k dielectric layer 320b formed 
over the silicate interface layer 320a to form a capacitor 
dielectric layer 320. The silicate interface layer 320a and the 
high-k dielectric layer 320b are formed of a dielectric 
material as discussed in connection With FIG. 1. The capaci 
tor 61 additionally includes an upper electrode 330 overly 
ing the capacitor dielectric layer 320. The capacitor 61 is 
electrically connected to a semiconductor substrate 300. 

[0051] It is to be noted that the substrate 10 shoWn in 
FIGS. 1 through 6 can be a semiconductor or a conductor, 
such as doped polysilicon, Within the spirit and scope of the 
present invention. Also, the substrate 10 can also be a single 
crystalline silicon substrate or silicon on insulator (SOI) 
substrate. 

[0052] FIG. 7 is a graph illustrating the structural analysis 
for a structure formed using an embodiment discussed With 
reference to FIG. 4, in Which the silicate interface layer 
120a may be HfSiO2 and the high-k dielectric layer may 
have a formula of HfO_67AlO_23O1_67_ 

[0053] Referring to FIG. 7, symbol (D indicates the 
concentration of Si, symbol @ indicates the concentration 
of Hf, and symbol @ indicates the concentration of alumi 
num. Preferably, Hf and Al both have a uniform concentra 
tion throughout the high-k dielectric layer 120b. The silicate 
interface layer 120a may include aluminum atoms diffused 
from the high-k dielectric layer 120b and the high-k dielec 
tric layer 120b may include silicon atoms diffused from the 
silicate interface layer 120a. 

[0054] Further, in the silicate interface layer 120a, the 
concentration of Al is decreased from the upper surface of 
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the silicate interface layer 120a towards the substrate 100 
and the concentration of Si is decreased from the upper 
surface of the silicate interface layer 120a toWards the upper 
surface of the high-k dielectric layer 120b. 

[0055] In the alternative, the value of y in the high-k 
dielectric layer 120b represented by a formula of B1_yOZ 
may be decreased from the interface betWeen the silicate 
interface layer 120a and the bottom surface of the high-k 
dielectric layer 120b toWards the upper surface of the high-k 
dielectric layer 120b. The concentration of A has a gradient 
along the thickness of the high-k dielectric layer 120b. Also, 
the concentration of B may be inversely proportional to the 
concentration of AWithin the high-k dielectric layer 120b. In 
other Words, the value of y can be varied depending on the 
height of the gate dielectric layer 120. This is particularly 
true if A is the same as the metal M of the silicate interface 
layer 120a, and B comprises a material chemically stable 
With the overlying electrode structure such as a gate elec 
trode, control gate, or capacitor upper electrode. Conse 
quently, reliable semiconductor device structures can be 
formed With such embodiments of the present invention. 

[0056] According to another aspect of the present inven 
tion, the concentration of @ and in section Q can be 
stepped or vary by some function depending on the height of 
the gate dielectric layer 120. 

[0057] In conclusion, With the embodiments of the present 
invention, interface characteristics can be improved and the 
EOT can be maintained or reduced in contrast With the prior 
art dielectric layer structure such as one incorporating sili 
con nitride or oxynitride interface layers, or a silicate bulk 
layer Without an interface layer. In other Words, by combin 
ing the silicate interface layer 12 of Which dielectric constant 
is preferably greater than any one of silicon oxide, silicon 
nitride or oxynitride along With a high-k dielectric layer 14, 
a loW EOT With improved interface characteristics can be 
achieved. 

[0058] Having described and illustrated the principles of 
the invention in a preferred embodiment thereof, it should be 
apparent that the invention can be modi?ed in arrangement 
and detail Without departing from such principles. We claim 
all modi?cations and variation coming Within the spirit and 
scope of the folloWing claims. 

What is clamed is: 
1. A multi-layer structure for a semiconductor device, 

comprising: 
a silicate interface layer; and 

a high-k dielectric layer overlying the silicate interface 
layer, the high-k dielectric layer comprising metal alloy 
oxides. 

2. The multi-layer structure of claim 1, Wherein the metal 
alloy oxides include at least tWo interdiffused metal ele 
ments. 

3. The multi-layer structure of claim 1, Wherein said at 
least tWo metal elements are homogeneously mixed at an 
atomic level. 

4. The multi-layer structure of claim 1, Wherein the metal 
alloy oxides comprise a mixture of at least tWo different 
metal oxides. 

5. The multi-layer structure of claim 4, Wherein the metal 
oxides are chosen to have a minimum net ?xed charge of the 
high-k dielectric layer. 
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6. The multi-layer structure of claim 4, Wherein the metal 
oxides comprise hafnium oxide, Zirconium oxide, tantalum 
oxide, aluminum oxide, titanium oxide, yttrium oxide, stron 
tium oxide, scandium oxide, lanthanum oxide, or barium 
oxide. 

7. The multi-layer structure of claim 1, Wherein the metal 
alloy oxide comprises hafnium-aluminum alloy oxide, Zir 
conium-aluminum alloy oxide, tantalum-aluminum alloy 
oxide, titanium-aluminum alloy oxide, yttrium-aluminum 
alloy oxide, or hafnium-Zirconium-aluminum oxide. 

8. The multi-layer structure of claim 1, Wherein the high-k 
dielectric layer has a dielectric constant greater than that of 
the silicate interface layer. 

9. The multi-layer structure of claim 1, Wherein the 
silicate interface layer has a dielectric constant greater than 
any one of silicon nitride, silicon oxide or silicon oxynitride. 

10. The multi-layer structure of claim 1, Wherein the 
silicate interface layer has a thickness of approximately 5-50 
angstroms. 

11. The multi-layer structure of claim 10, Wherein the 
silicate interface layer has a thickness of approximately 5-10 
angstroms. 

12. The multi-layer structure of claim 1, Wherein the 
silicate interface layer is formed of a metal silicate material 
represented by a formula of M1_XSiXO2. 

13. The multi-layer structure of claim 12, Wherein the 
metal “M” is selected from the group consisting of hafnium 
(Hf), Zirconium (Zr), tantalum (Ta), titanium (Ti), Scandium 
(Sc), Yttrium (Y), lanthanum (La), and aluminum 

14. The multi-layer structure of claim 12, Wherein 1-x is 
greater than or equal to approximately 0.1 

15. The multi-layer structure of claim 12, Wherein 1-x is 
not greater than approximately 0.5. 

16. The multi-layer structure of claim 12, Wherein 1-x is 
approximately 0.2 to approximately 0.4. 

17. The multi-layer structure of claim 13, Wherein the 
metal alloy oxide is represented by a formula of AYBLYOZ 
and Wherein O<y<1. 

18. The multi-layer structure of claim 17, Wherein Ais the 
same or from the same periodic group as M. 

19. The multi-layer structure of claim 17, Wherein A and 
M are a group IV metal and B is a group XIII metal. 

20. The multi-layer structure of claim 17, Wherein A is 
Zirconium or hafnium; and B is aluminum. 

21. The multi-layer structure of claim 17, Wherein y is 
approximately 0.5 to approximately 0.9. 

22. The multi-layer structure of claim 17, Wherein a 
composition ratio of A to B is betWeen approximately 1:1 
and approximately 5:1. 

23. The multi-layer structure of claim 22, Wherein the 
composition ratio of A to B is approximately 2:1. 

24. The multi-layer structure of claim 23, Wherein A is 
hafnium or Zirconium; and B is aluminum. 

25. The multi-layer structure of claim 24, Wherein the 
silicate interface layer includes aluminum atoms diffused 
from the high-k dielectric layer. 

26. The multi-layer structure of claim 17, Wherein the 
value of y is decreased from an interface betWeen the silicate 
interface layer and a bottom surface of the high-k dielectric 
layer toWards an upper surface of the high-k dielectric layer, 
and Wherein the concentration of A has a gradient along the 
thickness of the high-k dielectric layer. 
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27. The multi-layer structure of claim 17, wherein the 
concentration of B is inversely proportional to the concen 
tration of A Within the high-k dielectric layer. 

28. The multi-layer structure of claim 17, Wherein the 
high-k dielectric layer includes silicon atoms diffused from 
the silicate interface layer. 

29. The multi-layer structure of claim 1, Wherein the 
high-k dielectric layer has a substantially amorphous crys 
talline structure. 

30. The multi-layer structure of claim 1, Wherein the 
high-k dielectric layer is formed to a thickness of approxi 
mately 2-60 angstroms. 

31. A method of forming a multi-layer structure for a 
semiconductor device, comprising: 

forming a silicate interface layer; and 

forming a high-k dielectric layer overlying the silicate 
interface layer, the high-k dielectric layer comprising 
metal alloy oxides. 

32. The method of claim 31, Wherein said forming the 
high-k dielectric layer comprises: 

forming a ?rst layer having a ?rst metal element by ALD; 

forming a second layer overlying the ?rst layer having a 
second metal element by ALD; and 

annealing the resulting structure at a temperature that 
alloWs the ?rst and second metal elements to be inter 
diffused. 

33. The method of claim 32, Wherein said annealing 
temperature is greater than approximately 900° C. 

34. The method of claim 32, Wherein the ?rst layer has a 
?rst prede?ned charge and the second layer has a second 
prede?ned charge that is opposite that of the ?rst layer. 

35. The method of claim 34, Wherein the ?rst prede?ned 
charge is a positive ?xed charge and the second prede?ned 
charge is a negative ?xed charge. 

36. The method of claim 32, before said annealing, Which 
further comprises forming one or more additional ?rst and 
second layers. 

37. The method of claim 36, Wherein the uppermost layer 
comprises aluminum oxide. 

38. The method of claim 32, Wherein the second layer is 
approximately one half the thickness of the ?rst layer. 

39. The method of claim 38, Wherein the ?rst layer is 
formed to a thickness of approximately 10 angstroms and 
the second layer is formed to a thickness of approximately 
5 angstroms. 

40. The method of claim 32, Wherein the ?rst layer is 
formed of hafnium oxide, Zirconium oxide, tantalum oxide, 
aluminum oxide, titanium oxide, yttrium oxide, strontium 
oxide, scandium oxide, lanthanum oxide, or barium oxide; 
and the second layer is formed of aluminum oxide. 

41. The method of claim 31, Wherein the silicate interface 
layer is formed of a metal silicate material (M1_XSiXO2). 

42. The method of claim 41, Wherein said 1-x is approxi 
mately 0.1-0.5, and Wherein the metal “M” is selected from 
the group consisting of hafnium (Hf), Zirconium (Zr), tan 
talum (Ta), titanium (Ti), Scandium (Sc), Yttrium (Y), 
lanthanum (La), and aluminum 

43. The method of claim 42, Wherein said 1-x is approxi 
mately 0.2 to 0.4. 

44. The method of claim 31, Wherein said forming the 
silicate interface layer is performed by an ALD technique, a 
MOCVD technique or a reactive sputtering technique. 
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45. The method of claim 31, Wherein the high-k dielectric 
layer has at least tWo metal elements that are interdiffused, 
Wherein said forming the high-k dielectric layer is formed by 
a MOCVD technique or a reactive sputtering technique, and 
Wherein sources for the tWo metal elements are simulta 
neously supplied to form the high-k dielectric layer. 

46. The method of claim 31, Wherein the metal alloy 
oxides include at least tWo different metal elements that are 
interdiffused. 

47. The method of claim 46, Wherein the at least tWo 
different interdiffused metal elements are homogeneously 
mixed at an atomic level. 

48. The method of claim 31, Wherein the high-k dielectric 
layer has a dielectric constant greater than that of the silicate 
interface layer. 

49. The method of claim 31, Wherein a thickness of the 
high-k dielectric layer is in a range of approximately 2-60 
angstroms. 

50. A semiconductor device formed by the process of 
claim 32. 

51. A semiconductor device formed by the process of 
claim 45 . 

52. A semiconductor device comprising: 

a substrate; 

a silicate interface layer formed over the substrate; and 

a high-k dielectric layer formed over the silicate interface 
layer, the high-k dielectric layer comprising metal alloy 
oxides; 

a gate electrode; and 

a source/drain region formed adjacent the gate electrode. 
53. The method of claim 52, Wherein the high-k dielectric 

layer has a dielectric constant greater than that of the silicate 
interface layer. 

54. The semiconductor device of claim 53, Wherein the 
gate electrode is formed of a metal or polysilicon. 

55. A non-volatile memory, comprising: 

a substrate; 

a gate insulation layer; 

a ?oating gate overlying the substrate; 

a silicate interface layer formed over the ?oating gate; 

a high-k dielectric layer formed over the silicate interface 
layer, the high-k dielectric layer comprising metal alloy 
oxides; and 

a control gate overlying the high-k dielectric layer. 
56. The non-volatile memory of claim 55, Wherein the 

high-k dielectric layer has a dielectric constant greater than 
that of the silicate interface layer. 

57. The non-volatile memory of claim 55, Wherein the 
gate insulation layer comprises an additional silicate inter 
face layer and an additional high-k dielectric layer formed 
over the additional silicate interface layer, the high-k dielec 
tric layer comprising metal alloy oxides. 

58. A non-volatile memory, comprising: 

a substrate; 

a silicate interface layer formed over the substrate; 
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a high-k dielectric layer formed over the silicate interface 
layer, the high-k dielectric layer comprising metal alloy 
oxides a ?oating gate overlying the substrate; 

an intergate dielectric layer; and 

a control gate overlying the intergate dielectric layer. 
59. A capacitor for a semiconductor device, comprising; 

a loWer electrode; 

a silicate interface layer formed over the loWer electrode; 
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a high-k dielectric layer formed over the silicate interface 
layer, the high-k dielectric layer comprising metal alloy 
oXides; and 

an upper electrode. 

60. The capacitor of claim 59, Wherein the high-k dielec 
tric layer has a dielectric constant greater than that of the 
silicate interface layer. 


